The aim of this study is to evaluate the association between physical activity level and physical fitness with erectile dysfunction in men aged 40-75 years. We examined 180 men aged 40-75 years. The individuals were evaluated for age, presence of dyslipidemia and smoking and for anthropometric parameters for the characterization of body mass index. For assessing the level of physical fitness, a test was performed to measure the indirect maximum oxygen consumption. The evaluation of erectile function was made by the International Index of Erectile Function questionnaire and assessment of physical activity level by the International Physical Activity questionnaire in its short version. This study showed that younger men with higher physical activity and better physical fitness are less likely to suffer from erectile dysfunction. Multivariable analysis through logistic regression showed that age (odds ratio (OD) ¼ 1.15; 95% confidence interval (95% CI) ¼ 1.07-1.23), physical activity (OD ¼ 10.38; 95% CI ¼ 3.94-27.39) and physical fitness (OD ¼ 4.62; 95% CI ¼ 1.75-12.25) were independent variables associated with erectile dysfunction. This study reinforces the concept that healthy habits have a direct effect on erectile function.
Introduction
Approximately 52% of men between 40 and 70 years old experience erectile dysfunction, 1 which worsens with age, affecting up to 10% of men aged 40 and 80% of those over 70 years old. 2 In recent years, the presence of erectile dysfunction has become a marker of higher cardiovascular risk by proving its association with arterial systemic hypertension, diabetes mellitus, heart disease, smoking, excessive alcohol consumption, obesity, depression and metabolic syndrome. [3] [4] [5] [6] Physical activity is considered an important component of healthy lifestyle. Scientific evidence shows that regular physical activity of moderate intensity promotes benefits to health. Individuals physically active, as opposed to sedentary, develop and maintain higher levels of physical fitness, besides lower risk of acquiring chronic diseases, such as heart disease, hypertension, non-insulindependent diabetes mellitus, osteoporosis, cervix cancer, anxiety and depression. 7 Men who adopt changes in lifestyle, including physical activity and weight loss improve their erectile function as demonstrated in a randomized prospective study that evaluated the effect of weight loss and physical activity in obese patients with erectile dysfunction. 8 Thus, physical activity and consequent good physical condition can be characterized as preventive and therapeutic measures to manage erectile dysfunction and diseases associated with higher cardiovascular risk.
The purpose of this study is to evaluate the association between the presence of erectile dysfunction and the following variables: physical activity level and physical fitness (by indirect measurement of maximal oxygen consumption) in men aged 40-75 years.
Subjects and methods
This study examined 180 volunteer men selected within the community from Juiz de Fora city, Brazil, aged between 40 and 75 years. The individuals were invited to participate in the present study through direct verbal approach with the question: 'Would you like to participate in a study concerning men's health?' Only after the individual had accepted to participate in the study the real subject of the study was exposed. The individuals were approached in social reunions (churches, clubs and public areas) throughout the city. The study excluded men who have chronic diseases or psychiatric disorders that prevent them from having physical activity or directly cause erectile dysfunction, such as diabetes mellitus, neurological diseases and prostate surgery, as well as patients on medication to treat erectile dysfunction. Hypertensive men using antihyper tensive medication were also excluded.
The individuals underwent a medical interview with characterization of age, presence of dyslipidemia (defined by answering the question: 'In your last blood test did your doctor say your cholesterol and/ or triglyceride levels were above normal?'), and smoking. The physical fitness were evaluated in the individuals through measurement of the maximal oxygen uptake (VO2max) and anthropometric data from weight and height. Then, the individuals were instructed to fill out questionnaires: International Index of Erectile Function 9 and International Physical Activity questionnaire in its short version. 10 Weight (kg) was assessed only once, using a Filizola s portable digital scale, with maximum capacity of 150 kg and 100 g steps. Height (m) was measured twice, with the aid of an inelastic tape measure, considering the average from two measurements. Body mass index (BMI) was calculated by the ratio: current weight (kg) and the square of height (m 2 ) (kg m -2 ). When BMI surpassed 30, it was considered obesity. 11 For assessing the level of physical fitness, a test was performed to indirectly measure the VO2max in rest. This analyze is based on the evaluation of the individual heart rate in rest without moving by a heart rate monitor (Polar s F11 model c649100 612608 code). With this information (heart rate in rest) and other data (sex, age, height, body weight and physical activity level) entered by the researcher into the heart rate monitor, it performs the calculation of physical fitness. The test is performed with the individual in the supine position, using the heart rate monitor positioned on the chest. The individual remained at rest without moving for 5 min, so his heart rate reached the baseline level. After that, the test is initiated and the individual remains at rest without moving for more 5 min in the same supine position until the test was completed automatically by the heart rate monitor. Physical fitness was classified according to Table 1 . 12 The evaluation of erectile function was done by using six questions (erection domain) from the International Index of Erectile Function six-item short scale-15 questionnaire validated for Portuguese language. 13 In this International Index of Erectile Function six-item short scale-15 questionnaire, the erectile function domain contains the questions 1-5 and 15. The final score is obtained by adding up the points of the six responses, generating the following classification: no erectile dysfunction (26-30 points), minimal erectile dysfunction (17-25 points), moderate erectile dysfunction (11-16 points) and severe erectile dysfunction (6-10 points). The assessment of physical activity level was made by International Physical Activity questionnaire in its short version, validated for Portuguese language. 10 The individuals were classified as sedentary, insufficiently active, active and very active.
After these initial assessments, we evaluated the association between erectile dysfunction and the variables: age, presence of dyslipidemia, smoking, BMI, physical fitness and physical activity level. For statistical analysis, data were processed with the creation of a database, using the software Microsoft Excel s . Numerical variables were represented by mean, s.d., minimum and maximum and categorical variables by absolute and relative frequencies. The association between these variables was obtained using analysis of variance and w 2 tests. A logistic regression was performed for multivariable analysis with odds ratio (OD) and 95% confidence interval (95% CI) characterization. The variables that had shown association to erectile dysfunction with levels of probability (p) inferior to 0.10 were selected to logistic regression. We adopted the significance level of 0.05 (5%). Levels of probability inferior to this value were considered significant.
Results
We evaluated 180 men with mean age of 53.62±10.08 years (extremes of 40 and 75 years). Abbreviation: VO2max, maximal oxygen uptake.
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The prevalence of obesity, smoking, dyslipidemia and the individuals' classification of erectile function, physical activity and physical fitness are detailed in Table 2 .
In the assessment of the association between physical activity and erectile function, it was found that among sedentary, 95.66% had erectile dysfunction (65.23% minimal dysfunction and 30.43% moderate dysfunction); among insufficiently active, 62.97% had erectile dysfunction (48.14% minimal dysfunction and 14.83% moderate dysfunction); among active, 15.07% had minimal erectile dysfunction and among the very active only 9.1% had minimal erectile dysfunction (Po0.001) (Figure 1 ; Table 3 ).
In the evaluation of the association between physical fitness and erectile function, it was found that in the group of individuals with tolerable physical fitness, 77.4% had erectile dysfunction (52.9% minimal dysfunction and 24.5% moderate dysfunction) and among those with good physical fitness, 18.4% had minimal erectile dysfunction (Po0.001) (Figure 2 ; Table 3 ). The only two individuals with excellent physical fitness had minimal erectile dysfunction and, therefore, were not suitable for statistical analyses.
With regard to smoking, the presence of erectile dysfunction occurred in 47.7% of non-smoking individuals (minimal dysfunction in 35% and moderate dysfunction in 12.7%) and in 87% of smokers (minimal dysfunction in 65.3% and moderate dysfunction in 21.7%) (P ¼ 0.02) ( Table 3) . Erectile dysfunction was also present in 47.7% of the individuals without dyslipidemia (minimal dysfunction in 35% and moderate dysfunction in 12.7%) and in 87% of the individuals with dyslipidemia (minimum dysfunction in 65.3% and moderate dysfunction in 21.7%) (P ¼ 0.02) ( Table 3) . (Table 4) . Smoking, dyslipidemia and obesity were not characterized as independent variables.
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Discussion
While not lethal, erectile dysfunction affects negatively individuals' welfare and life quality, and may indicate the existence of underlying diseases related to higher cardiovascular risk. 3 Factors such as age, smoking, presence of dyslipidemia and obesity are well established in literature [14] [15] [16] and there has been a significant association between erectile dysfunction and metabolic syndrome. 17 Bal et al. 18 conducted a study involving men aged between 40 and 70 years and found that the presence of metabolic syndrome was significantly associated with the presence of erectile dysfunction.
The practice of regular physical activity is widely accepted as a way to improve and maintain health. There are recommendations in the literature about the amount of physical activity needed to promote and maintain health. 19 Studies show that a healthy adult between 18 and 65 years old requires at least 30 min of aerobic physical activity of moderate intensity 5 days per week or 20 min of intense physical activity three times a week. Physical activity equal to or above these minimum recommendations result in improved physical fitness level: 45 to 75 min of moderate walking per week can significantly reduce the incidence of cardiovascular diseases. 20 The inverse association between erectile dysfunction and physical activity, found in this study, has also been found in literature. Bacon et al. 20, 21 showed that the level of physical activity was associated with erectile dysfunction, where men with higher physical activity are less likely to suffer from erectile dysfunction. A meta-analysis performed by Cheng et al. 22 showed that moderate and intense physical activities are associated with lower risk for erectile dysfunction (OD ¼ 1 for low physical activity level, OD ¼ 0.63 for moderate level and OD ¼ 0.42 for high level). Likewise, lack of physical activity was associated with higher rates of erectile dysfunction in a Thai study. 23 Knowing that physical activity is a protective factor to erectile function, Kratzik et al. 24 researched on how much physical activity would be necessary to maintain erectile function and concluded that the increase in energy expenditure of 1000-4000 kilocalories per week reduces the risk for erectile dysfunction.
Esposito et al. investigated the effects of lifestyle changes on erectile dysfunction in a case-control study. The intervention group received detailed instructions on how to reduce weight, improve diet quality and increase physical activity, while the control group received general information on healthy eating and increased physical activity. At the end of the study, they concluded that it is possible to achieve a significant improvement in erectile function with weight loss, decreased BMI and increased physical activity. 25 Changes in behavior for a healthier lifestyle favor the prevention of erectile dysfunction 26 as well as being beneficial to vascular health in the population that is aging and getting more obese. 27 More recently, the therapeutic effect of physical activity in the treatment of erectile dysfunction was demonstrated in a randomized controlled trial. Regular (43 h per week) aerobic non-agonistic physical activity in association with specific medication (phosphodiesterase type 5 inhibitor) has showed significant beneficial effects in the treatment of erectile dysfunction after 3 months compared with medication alone in 60 men (40-60 years) with erectile dysfunction. 28 In the present study, there has been association between physical fitness, assessed by indirect measurement of VO2max and erectile dysfunction, where men with better results for VO2max had less erectile dysfunction. Physical fitness is defined as the ability to perform physical activity of moderate through intense level without excessive fatigue and the capacity to maintain this ability throughout life. Good physical conditioning is an integral part of good living. The resistance, aerobic and flexibility exercises has been recommended for the improvement and maintenance of physical fitness as well as prevention and rehabilitation from cardiovascular diseases in adults of all ages. 7, [29] [30] [31] [32] The acute and chronic effects of exercise on body functioning have been the subject of numerous studies. 33, 34 The VO2max is the best variable used to determine and classify cardiorespiratory fitness of a person. It represents the maximum amount of oxygen that can be captured, transported and consumed by cellular metabolism, while a person performs dynamic exercise involving a large percentage of muscle mass. Furthermore, it is influenced by the variables age, gender, exercise habits, heredity and cardiovascular clinical status. It is also known as maximal aerobic power, since its measure can be described both in relative and absolute terms in oxygen volume (milliliters or liters) per minute. 35 The measurement of VO2max can be done either directly, by analysis of inspired and expired gases through a spirometer during a stress test on a treadmill or cycle ergometer 36, 37 or indirectly by measuring with a frequency meter. 38 The aerobic training tends to provide improvement in VO2-max. 39 The VO2max both absolute and relative to gender and age is a factor to promote longevity, that is the greater the aerobic condition of the individual, the lower the risk of mortality. 40 Thus, this study showed that another parameter that assesses the health status of patients was also associated with the presence of erectile dysfunction.
Bacon et al. 20 and Moreira Jr et al. 41 found that the BMI above 28.7 has a positive association with erectile dysfunction. Other research also found an association between these variables. It was verified that the increase in BMI of 1 kg m -2 reduces the score of the International Physical Activity Index at 0.141 regardless of age and increases by 7.6% the risk for erectile dysfunction, making it a strong association. 42 Otherwise, the decrease in BMI is associated with an increased score of the International Index of Erectile Function. 8 In this study, the association of erectile dysfunction and obesity did not occur; however, there was a tendency (P ¼ 0.062). Only 11.7% of the patients in the present study had BMI 430 and perhaps if we had evaluated a higher number of patients, this association could be demonstrated.
Several authors have demonstrated that the prevalence of erectile dysfunction increases with increasing age. 14, 20, 43, 44 Age is an important risk factor, increasing prevalence and severity, 6, 45, 46 what was also found in this study. Each year, increase in age reduces the score of the International Index of Erectile Function in 0.195 affecting the risk for erectile dysfunction. 42 Habits like smoking and the presence of dyslipidemia were not associated with erectile dysfunction in the study by Abdo et al., 47 but in the one by Bacon et al., 20 who found that smoking is associated with increased prevalence of erectile dysfunction. Prevention against smoking represents an important approach to reduce the risk of erectile dysfunction. 48 The Massachusetts Male Aging Study found that smokers are more prone to erectile dysfunction than non-smokers. 45 Another study showed that duration of smoking and the number of cigarettes smoked per day are directly correlated with erectile dysfunction. 49 One main limitation of this study was the recruitment process. It was made by direct and verbal approach to the individuals what may have introduced a selection bias, where individuals worried about their own health were more prone to participate in the study. This may explain the very high prevalence of erectile dysfunction in the sedentary group (95.66%) and, therefore, it cannot be considered representative of general population. Others limitations were the cross-sectional design (which prevents the determination of the timing of events) and obtaining some data exclusively through self-administered questionnaire. Moreover, the restrictive criteria used in the eligibility of participants provided a homogeneous sample, but with reduced potential for generalization. Cohort studies can assess the temporal sequence and causality between physical activity level, anthropometric variables and erectile dysfunction.
This study reinforces the guidance that physical activity may prevent the occurrence of erectile dysfunction. Further studies are necessary to evaluate the impact of physical activity in the prevention and treatment of erectile dysfunction.
Conclusions
The prevalence of erectile dysfunction among men aged 40-75 years was 52.8% (38.9% minimal erectile dysfunction and 13.9% moderate erectile dysfunction) in this study. It was noted that age, level of physical activity and physical fitness were independent variables associated with the presence of erectile dysfunction, where younger men with higher physical activity and better physical condition are less likely to suffer from erectile dysfunction.
